Metformin is a safe and tolerable drug within one year after renal transplantation encouraging clinicians to administer this drug to renal transplant candidates. Please cite this paper as: Asgharpour M, Mirhashemi SH, Alirezaei A. Administration of metformin in renal transplant patients with post-transplant diabetes mellitus. J Renal Inj Prev. 2019;8(3):190-194. DOI: 10.15171/jrip.2019.35. Diabetes is the most common cause of renal failure which is frequently seen in candidates of solid organ transplant both before and after of the transplantation. For successful long-term tissue graft, it is important to control blood glucose level particularly after transplantation. Post-transplant diabetes mellitus (PTDM) is the main issue contributing to cardiovascularrelated mortality in kidney transplant recipients. Important risk factors of PTDM include using immunosuppressive drugs, post-transplant weight gain and obesity, and the presence of pre-transplant diabetes. Because of safety concerns, there has been a consensus from 2003 onward to cease metformin as the first-line anti-diabetic drug in patients with PTDM. The relationship between PTDM and metformin administration in high-risk renal transplant patients needs to be validated by more trial studies to establish the risk-benefit balance using this drug. Here, we reviewed the pros and cons of using metformin by presenting conclusions from several retrospective and clinical trial studies.
Introduction
In patients with renal failure, kidney transplantation has boosted the survival and quality of life and decreased expenses on time compared to dialysis therapy. Compared with normal population; nevertheless, graft recipients are at higher risk of death in particular secondary to cardiovascular events as the causes of half of all deaths in these patients.
Diabetes and transplantation
Diabetes is the most common cause of renal failure and is frequently seen in patients with solid organ transplant both before and after transplantation. Transplantation candidates with diabetes have had augmented risk of cardiovascular diseases and inflammation compared with nondiabetic individuals undergoing solid organ transplantation.
New-onset diabetes after transplantation (NODAT)
For durable and successful grafts, it is of critical importance to monitor and control blood glucose level particularly after transplantation. The NODAT seems to be the main culprit for cardiovascular related death in kidney transplant recipients. Diabetes is frequently diagnosed in transplant patients both before and after the transplantation. In a study published in 2018, undiagnosed diabetes was detected in 8% of organ recipients using glucose tolerance test. The term post-transplant diabetes mellitus (PTDM) has recently been proposed as an alternative terminology for the NODAT (1). PTDM as a prevalent condition inflicts up to 50% of renal transplanted patients and augments the risks of cardiovascular diseases, graft and mortality. In fact, poor controlling of blood glucose level after renal transplantation has been related to adverse transplant outcomes. Because of higher risk of impaired function of allograft in diabetic transplanted patients, pharmacological intervention is necessary to manage PTDM in these individuals (2) . Administration of immunosuppressive drugs, which deregulating glucose metabolism, has been interpreted as one of the risk factors for PTDM. In fact, immunosuppressive regimens prescribed in transplanted patients may interfere with the functions of pancreatic beta-cells and insulin secretion which result in poor regulation of blood glucose level. The other risk factors of PTDM consisted of post-transplant weight gain and obesity, especially during the first year after transplantation. Post-transplant overweight has been related to 10-35% of insulin resistance cases in transplanted patients. Another important risk factor of PTDM has been the presence of pre-transplant diabetes (3).
Materials and Methods
For this mini-review, we used a variety of sources including PubMed, Web of Science, Embase, EBSCO, Google Scholar and Scopus. The search was conducted by using combinations of the following key words and or their equivalents; post-transplant diabetes mellitus, insulin resistance, new-onset diabetes after transplantation, diabetes mellitus, transplantation, immunosuppressive drugs, obesity, cardiovascular diseases, inflammation, metformin, lactic acidosis, end-stage renal disease, cancer, liver failure, renal transplantation, kidney failure, nephroprotection, glomerular filtration rate, nephrotoxicity ,pre-transplant diabetes and AMPactivated protein kinase (AMPK).
Pharmaceutical management of PTDM
Glucose metabolism is dysregulated in renal-transplanted patients. Decreased insulin secretion after renal transplantation seems to be the main pathological factor. Therefore, therapeutics that primarily modify the function of pancreatic beta-cells are theoretically beneficial in these patients (4) . In patients with stable allograft function (estimated glomerular filtration rate; eGFR >30 ml/min), metformin has been traditionally the first line therapy for managing PTDM early after transplantation. However, in later phases after transplantation, the NODAT agreement in 2003 did not endorse metformin as the first-line anti-diabetic drug because of safety concerns. In later phases after transplantation, sulfonylureas, meglitinides, dipeptidyl peptidase-4 inhibitors, alpha-glycosidase inhibitors, and rarely sodium-glucose co-transporter 2 (SGLT-2) inhibitors have been suggested as potential anti-glycemic agents (5,6). There is a need for further trial studies to verify an association between PTDM and metformin administration in high-risk renal transplant patients and to evaluate the risk-benefit balance using this drug (7).
Advantages of metformin
It has been revealed that metformin decreases the incidence of vascular complications without being associated with the risk of weight gain or hypoglycemia in diabetic patients. In addition to its anti-cancer characteristics, metformin can also improve the signs of metabolic syndrome such as insulin resistance and inflammation. Probable metformin functional mechanisms consist of nephroprotection (8), anti-inflammation and immune-modulatory effects via activation of AMP-activated protein kinase (AMPK) and its downstream signal transducer and activator of transcription 3 (STAT3), and prevention of pancreatic beta-cells (9) and regulatory T cells (10) differentiation. AMPK, an enzyme involved in the pathogenesis of inflammation, has been a protective contributor against PTDM development. Overall, metformin acts as an antidiabetic agent by decreasing beta-cell dysfunction at early post-transplant period (11) . Metformin may decrease nephrotoxicity through mitochondrial-dependent pathways as revealed in clinical models exposed cisplatin or gentamicin.
Metformin-based regimes have been noted to reduce the risk of graft rejection; nevertheless, these associations have not been statistically significant. Metformin has also been effective in preventing or delaying the progression of prediabetes to diabetes in at-risk individuals. Metformin is generally known as an efficient, safe, and affordable drug. Nevertheless, there is a need for more investigations to show whether or not such advantages could be extrapolated from general population to high-risk candidates of kidney transplantation. Experimental models propose that metformin decreases immunosuppressant-induced diabetes and improves glucose regulation by decreasing cell death (12) . In one study on patients with PTDM; it was indicated that the selection of anti-hyperglycemic agents should be based on the type of immunosuppressant regimens. In this regard, metformin may be indicated in graft recipients under sirolimus but not tacrolimus based immunosuppressive therapy. Management of PTDM based on the immunosuppressant regimens offers a new strategy for treating this condition (13) . Furthermore, metformin has shown an excellent safety profile in combination with other immunosuppressive and anti-diabetic drugs.
Renal transplanted patients are at higher risk of cancer up to three times than the general population. It has been shown that metformin reduces the risk of cancers and cancer-related death (14) . Although the experimental and clinical evidence are insufficient, metformin has been suggested as the first-line anti-diabetic drug in transplanted patients. Nevertheless, additional studies are needed in this area (15) .
Potential complications of metformin
Regarding concerns about the tolerability and safety of metformin in transplant candidates who are under complex multidrug regimens, clinicians are generally cautious in prescribing this drug.
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Some of potential complications of metformin
Lactic acidosis
A major concern discouraging clinical experts to use metformin is the risk of lactic acidosis which hypothetically can be amplified following metformin administration in transplant candidates. Although the risk of metformininduced lactic acidosis has been insignificant in general population, the presence of associated comorbidities may exaggerate the risk of this phenomenon. Nevertheless, there is no evidence that metformin increases the risk of lactic acidosis in the absence of other comorbidities. On the other hand, an exaggerated risk of lactic acidosis has been described in the presence of heart, renal and liver disorders even without using metformin. There has been no association between the plasma levels of lactate and metformin in other reports proposing the drug as a harmless bystander. In usual doses, metformin may even be a protective agent against lactic acidosis (11) . There may be; however, an exaggerated risk of lactic acidosis in organ transplant candidates with kidney damage and drug-induced nephrotoxicity (16) .
The Food and Drug Administration (FDA) recommends the withdrawal of metformin following hospitalization, and in patients with heart, renal or liver failure. These withdrawal recommendations are likely to be indicated at early post transplant phase because of higher risk of metformin complications at this time period (17, 18) .
In a comprehensive systematic review examining 347 trials with 70 000 patient-years of metformin use, no case of lactic acidosis and no significant association between the blood lactate levels and metformin administration were recognized (19) . A higher risk of lactic acidosis has been reported in patients using sulfonylureas in comparison with metformin (20) . On the other hand, patients with serum creatinine levels below than 1.5 mg/ dL have shown no increased risk of lactic acidosis (21) . In a study on 2000 Korean diabetic patients, tissue hypoxia was accompanied with lactic acidosis and increased plasma lactate while no association was reported with metformin therapy (22) . However, the rate of renal excretion of metformin meaningfully declined at an eGFR <30 mL/min/1.73 m 2 , and therefore metformin should not be administrated in this context because of the risk of overdosing (23) . Although several studies have noted the safety of metformin in patients with end-stage renal disease (24) , there are no strict evidence approving the beneficial role of metformin in patients under dialysis or those with renal failure.
Dosing recommendations
So far, there are few evidence on the role of metformin in other solid organ transplant groups. The pathogenesis, diagnosis and management of PTDM are largely unknown and need more investigations. There have been suggestions to adjust the dose of metformin in patients with mild-to-moderate renal damage (i.e. 30<eGFR<60 mL/min/1.73 m 2 ) (25) . Considering the strong linear correlation between plasma metformin levels and renal function, the dosage of metformin could theoretically be adjusted based on the level of renal function in patients with kidney failure or transplanted individuals to address any safety concern. For drawing an established correlation between metformin levels and renal function; however, one should wait for the reports of in-progress clinical trials (ID: NCT00767351) (26, 27) . However, there will be a need for extra approvals in renal transplant patients as these patients are more vulnerable to concomitant diseases and therefore need more caution (28) .
Evidence
In 2008, Kurian et al in a small retrospective study examined 32 renal transplant candidates with either pretransplant (number = 11) or post-transplant (number = 21) diabetes administered with either metformin or thiazolidinedione for a period of at least 16 months. There was no significant association between metformin treatment and neither lactic acidosis nor hemoglobin A1c level. However, estimated glomerular filtration rate (eGFR) reduced in patients treated with metformin (29) .
In another comprehensive systematic review on 47000 renal transplant candidates in 2001-2012 recruiting the Scientific Registry of Transplant Recipients (SRTR) data, the rate of metformin usage was assessed in renal transplant candidates. In the recent report, the survival of patients received metformin was higher (10%) than the patients treated with non-metformin regimens; nevertheless, nearly 40% of the patients treated with metformin had eGFR below the level recommended by the Food and Drug Administration. Moreover, there were no differences in the risk of lactic acidosis and survival rate comparing patients administrated with metformin and non-metformin regimens proposing that metformin did not harmfully affect the survival in transplanted patients (30) .
In another retrospective study on 14144 patients with PTDM who received either metformin or insulin, a significant reduction in all-cause mortality and a nonsignificant decline in graft rejection rate were observed in metformin receivers. It is recommended to further scrutinize the drug histories to verify the best and most effective first line anti-diabetes therapy in patients with PTDM (5). In a pilot 1-year randomized clinical trial to investigate the applicability, efficiency, safety, and tolerability of metformin in patients with either prediabetes or PTDM, the effects of metformin were assessed on lipid profile, weight, glycated hemoglobin, fasting glucose and the risk of cardiovascular events. Until today, no comparative trials have been performed on the role of metformin in transplant candidates. According to the Northern B Health and Disability Ethics Committee of the Ministry of Health in New Zealand, metformin is a safe and tolerable drug within one year after renal transplantation encouraging clinicians to administer this drug to renal transplant candidates. Nonetheless, this conclusion was based on a non-blinded clinical trial (3), and therefore it is suggested to explore the applicability of metformin in placebo randomized trials.
Conclusion
More clinical trials are warranted to investigate the role of metformin on the development of PTDM in high-risk renal transplant patients and determine the cost-effective balance of using this drug. Overall, metformin can alleviate dysregulated glucose metabolism and help to both prevent and treat post-transplant diabetes. Metformin also has beneficial effects on weight loss and ameliorates the signs of metabolic syndrome such as insulin resistance and inflammation. Other effects of metformin include lipidlowering impacts, as well as cardio-protective and anticancer properties. Whether or not the beneficial effects of metformin can be extrapolated to high-risk recipients of kidney allografts should be further investigated. One of the potential complications of metformin deterring clinicians to use this drug includes lactic acidosis which its risk is hypothetically exaggerated in allograft recipients. Although there are currently insufficient experimental and clinical evidence, a robust discussion has been declared on the effectiveness and safety of metformin as the firstline anti-diabetes drug in transplant recipients, however, more studies are required to verify the applicability of metformin in this clinical setting.
